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Connections

between W,Z Production, QCD and New Physics
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Connections between W,Z Production, QCD and New Physics

W boson mass + top quark mass: Constrain Higgs mass

Current D@ 8M,, ~ 5 -40 MeV from PV model
M, = 10 MeV = M /M, = 14%

Need precise model of W production and decay for Monte Carlos

O

NLO QCD

W mass measurements require low PW

J l M Non-perturbative QCD

Resummation
techniques
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Introduction to W & Z Production at the Tevatron

[ — ¢ » Production dominated by qq annihilation
W(Z) * Due to very large pp — jj production,

v(l) need to use leptonic decays

Number of W bosons detected

O(o,%)

W Bosons Detected

* W — Iv (BR ~ 11% per mode)
« Z —> Il (BR ~ 3% per mode)

BUAL (elec)  UAL (muon) MLEP Il (total) - Distinctive event signatures
MUA2 (elec)  BCDF (muon) * High P+ isolated leptons (e or p)
W CDF (elec) WD@ (muon) * One high P+ lepton + Missing E+ (W)
DO (elec) » Two high P+ leptons (Z)
- Low backgrounds
- Large samples
. AR WR- CRE. R + Well understood EW vertex

Years of Collider Runs (SPS, Tevatron and LEP II)

> Test QCD
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QCD Corrections: O(o )

Modifications due to QCD corrections:

* Boson produced with transverse momentum (< P>~ 10 GeV)
* Boson + jet events possible (W +1 jet ~ 7%, E{et > 25 GeV )
* Inclusive cross sections larger (K factor ~ 18%)

* Boson decay angular distribution modified
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TRACKING

o(z vertex)=6 mm

o(r@) =60 um (VTX)
=180 um (CDC)
=200 um (FDC)

MUON

Inl<3.3

%0 = 0.2 0.01p

CALORIMETRY

ni<4

A x Ap=01x 01
oeM) = 15%//E

OHAD) =50/ /E

The Run 1 DO Detector

Electron Identification

- within good fiducial region of detector

* highly EM Object
itudinal & T | Shower Profile | 0%
Longitudinal & Transversal Shower Profile electron
* Isolated from Jet activity J

* Central Detector track Tight electron

W — ev event selection

* One tight electron, E>25 GeV

* Missing E;>25 GeV

* No second Loose electron with E>25 GeV

Z — ee event selection

* One Tight and one Loose electron, both with E>25 GeV
- 76 GeV < Mee < 106 GeV
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Inclusive Cross Sections

Backgrounds
* Major source is QCD

— N, —N, dijets (estimated from
obs~ L Vbked J
G(pp _)B_|_X)BR(B _)[1[2): collider data)
Axex L
\ Integrated
Luminosity
Acceptance Efficiencies
obtained from fast MC determined from

Z — ee data
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Efficiency Determination

Determine the single electron efficiency from collider data, using a

Z — ee " Parent” sample.

* Two EM objects in the good fiducial region

« E;> 25 GeV

- 86 GeV < Mee < 96 GeV

* One electron is tight

* Sample corrected for background contamination

Second electron is unbiased & used to determine efficiency
eW(e)~70% £Z(e)~76%

eW(u)~26% eZ(n)~52%
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W — ev Backgrounds

Major background source is QCD dijet events: one jet passes the
electron identification and the mismeasured energy fakes the E-

» Estimated using two samples with known efficiency and rejection.

O Assumes that all data with E; < 15 GeV is background & that jet
efficiency determined at low £ holds in signal region.

€] -
103;_:-'

fQCD — ;\7
;gaﬁ N, =g,Ns+¢&,N, '

N, =N +N, &N,

>
§ 102k / o o
*g : fQCD(CC)~5 /o fQCD(EC)~14 /o
Yol * Remaining backgrounds
: Wortv, Zo>11, Z—>eéd
1 L estimated using Monte Carlo samples

Eff.::lll'l""l""l""l""
O 10 20 30 40 50 60

£ (GeV) fr~2°/o fzee"'o.5o/o
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Z — ee Backgrounds

Major background source is QCD dijet and direct photon events with

jets faking electrons

- Estimated by fitting the data to Signal Z — ee from Monte Carlo

plus Background from data.

fQCD(CC,CC)"’Z o/o, fQCD(CC,EC)"‘7°/o, fQCD(EC,EC)"’5°/o

10%
= s ¢\‘
5% SN
I oe o * Remaining backgrounds
W] el .
. : Drell-Yan,Z — t 1t estimated
from Monte Carlo samples
10 h : :
o o o foy~1% f,~negligible
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Acceptance Calculation

Kinematic and geometric Acceptance obtained from a

parametric representation of the DO detector ("fast Monte Carlo")

do

7~ From momentum dependent Breit-Wignher fimes Parton Luminosity Function

dm
do

dpdy
* W decay from Mirkes Nucl.Phys.B387, 3 andBerends&Kleiss (evy) Z.PhysC27, 365.

From Ladinsky-Yuan PRD50, 4239 (small p;) and NLO pQCD Nucl.PhysB319, 37 (high p; )

- Detector resolutions determined from data and parametrized as a function of energy and angle.

AWV(e)~45% A%(e)~35%

AW(H)~2 10/0 AZ(M)~5°/O

Cecilia Gerber, UIC



) Inclusive Cross Sections
=7 PRL 75, 1456 (95), PRD 60, 52003 (99) , PRD 61, 72001 (00)

o(W)x BR(W — [v) (nb) o(Z)xBR(Z — II) (nb)

D@, e, 1b Published {231 £0.01 £0.05+0.10 |0.221 +0.003 + 0.004 + 0.010
D@, e, la Published | 2.28 £0.02+£0.08 £0.10 |0.211 %+ 0.008 + 0.008 + 0.009
DY, 1, 1b Preliminary |2.31 +0.08 £ 0.10 0.170 £ 0.023 + 0.023 + 0.007
DD, 1, la Published | 2.02+0.06+0.22+0.09 |0.172 +0.022 +0.021 + 0.008
CDF, e, 1b Published 0.246 +0.005 + 0.003 £ 0.010
CDF,e, la Published | 2.49 +0.02+0.08+0.09 |0.231 +0.008 + 0.009

CDF, p, 1b Updated 0.237 £0.011 + 0.009

CDF, p, la Published 0.217 £0.017 = 0.008

CDF, u, Run 1 | Published 0.233+£0.013

* Measurement errors: Stat ® Sys ~ 2%, Luminosity error ~ 4%

* Theory error: ~ 3%, NNLO, O(a?) (Hamberg, van Neerven, Matsuura)
Dominated by PDF's at NLO...(need NNLO)

* NB: Luminosity determination: L(DO) = 1.062 x L(CDF)

DO uses world avg. o(pp);,.;. COF uses CDF measurement

inel’
13 o
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@) Inclusive Cross Sections %
Vs = 1800 GeV

3 - e DU A CDE O(a2) Theory

(van'Neerven et al.)

W - Iv 1
ig : ]
—2° 0 { | < NNLO theory
R K. IL e +
= e 1
S H
2 € % . -
i 1L |
0.3
Z - I'r * |
0.25 |- .
if_% - i } } e + : QNLO ‘rheor'y<
M o2 % e € h -
N e H |
0.15 |- | 6.2% offset, i.¢
L U 1.062 X oy —> Ocpr
Data set: 92/93 94/96 92/93 94/96
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Measured:

Form ratio:

Measurement of the W width

o(pp > W+ X)xBR(W — [v)
o(pp > Z+X)xBR(Z — )

Perturbative
QCD

15

o(pp = W+ X)x BR(W — Iv)

O

(pp = Z + X )xBR(Z — 1)

LEP
measurement

&

SM EW
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Indirect vs Direct W Width Measurements

VeV, V uC t
Vertex Corrections: same for quarks W
and leptons, so cancel in BR(W — [v)

eptdshb
w decays: Rosner, Worah, Takeuchi,

hep-ph/9309307

Kalinowski and Zerwas
hep-ph/9702386

Indirect has no sensitivity to corrections to the coupling of the W to
fermions, but is sensitive to possible non-standard model decay modes of
the W.
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3 R=a(pﬁ—>W+X)><BR(W—>eu)
- O'(pg_y—>Z+X)><BR(Z—>ee)

PRD 61, 72001 (2000)
R = 10.43 £ 0.15 (stat)  0.20 (sys) £ 0.10 (theory)

B(W — ev) = 0.1066 = 0.0015 £ 0.0021 + 0.0016

Source of uncertainty Size
backgrounds to the W sample from di-jets 0.158
statistics of the Z sample 0.149

ratio of W and Z acceptance 0.095

ratio of the lepton identification efficiencies

for W's and Z's 0.063
backgrounds to the Z sample from di-jets 0.054
backgrounds to the W sample from Z's 0.029
background to W->ev from W->tv 0.022

NLO corrections to Z->eey 0.104

sum of systematic uncertainties 0.205 -
sum 0.274] < 26k Iordl

Luminosity error cancels in the ratio
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Direct:
L3

OPAL
DELPHI

CDF

Indirect:
CDF

DY

Eiiiii>> CDF+D@

W Width

SM

(Preliminary)}—e—

(Preliminary)

225 25
(GeV)

15 175‘

2.12 +- 0.25

1.84 +- 0.38

2.48 +- 0.41

2.055 +- 0.125

2.179 +- 0.046

2.113 +- 0.056
2.167 +- 0.040
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<HEs Inclusive Cross Sections

v s=630 GeV
UA1(1987) - o
UA2(1992) — .
PRD 61, 72001 (2000)
D@ (1999) . o(pp > WX)=658+67 pb
NI I PR T D T S N e
0.5 0.6 0.7 0.8

Total o, _, (ND)
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Inclusive Cross Sections

Gy 7 * B (nb)

0
" D@(e) 1b “CDF(e) la'UA1
* D@(e) 1a ‘CDF(e) 1b UA2
“ D@(W) la "CDF(p) 1b

03 04 05 05 0708081 ) s 4

Center of Mass Energy (TeV)
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Introduction to W, Z P; Theory

QZ
: “ln| = || v, +v,a, In?| =
dp ; Pr Pr Pr

* Large P; region (P = 30 GeV): Use pQCD, O(a.?) calculations exist

daNa 0°

S

« Small Py region (Agcp < Pr< 10 GeV): Resum large logs

- Very low P region (P ~ Ag.p): Non-perturbative parameters
extracted from data

b-space:
AK LY
pt-space:

ERV

21
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Differential P+(W) & P+(Z) Cross Sections

Need to determine all quantities as a function of P+

do d, —b.

dp} aixgixLxAp}

» Acceptance vs Py obtained from Fast Monte Carlo

» Efficiency vs P+ obtained from Herwig W&Z events with full detector
simulation and overlayed with zero bias events.

» Backgrounds vs P+ obtained from data (QCD) and Monte Carlo (physics)

* Measurement corrected for acceptance and detector effects using an
iterative unfolding method.

* Previous measurements by UA1, UA2, CDF (Run 0) and DO (Run 1A).

22 o
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Selection efficiencies vs P+

W > ev

98 |-

93 |-

92 |-

Efficiency

1 L1l L 1
80 100 120 140

L I
180

P.(GeV)

L
200

—
-

1.05

0.95

0.9

0.85

0.8

Z > ee

TR | T I |
30 40 50

Cecilia Gerber, UIC



Background fraction
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; DO Z P; measurement
PRD 61, 32004 (2000) & PRL 84, 2792 (2000)

e D@ 1994-1996

— R — b-space (Ladinsky-Yuan) ,
% 1 - CTEQUM g.=0.11 GeV? 2+ - b-space (Ladinsky-Yuan)
Q) - t * (x/d.0.f.=23/26) =
S - g,=0.58 GeV” g,=-1.5 GeV'* o )

1 _ s | - Fixed-Order (O(a5
E10 = — Fixed-order (O(asz)) g Al xed-Order (0(a9)
@ MRSA =
T2 g %
N 10 F B w% 11
v | g o+%++$ Mg i ]
m 4 R
.)( | L
c'l_lo ——
Q - \0 _11 | L | \\H\H\z |
O 4 (GeV
© 10 - _ Pr(GeV)

r \,,,\
_5:
10 T T T S Y S T T SR Y N
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do/dp;*BR(Z - e€) (pb/GeV)
oo

26

2/

DO Z P; measurement
PRD 61, 32004 (2000) & PRL 84, 2792 (2000)

e D@ 1994-1996
—— Db-space (Ladinsky-Yuan)
CTEQ4M g,=0.11 GeV* g,=0.58 GeV*
g,=-15GeV"

0,-space (Ellis-Vesdli)
MRSR1 &0.1 GV gy, =4.0 GeV

—— b-space (Davies-Webber-Stirling)
MRSA g,=0.15 GeV* g,=0.4 GeV*

—— Fixed-order (O(q))

MRSA
i-‘!_!"
O 5 10 15 20 25 30 35 40 45 50

pT(GeV)

05,
0.25/
0

-0.25 7 b-space (Ladinsky-Yuan) (x%/d.o.f.=16/20)
> -0.5¢
g 025 4 R
E7
’5 0+++++ +++++$ + ***************
i
§'0-25 -space (Ellis-Vesdi) (¢/d.0.1.=43/20)
@ -0.5f
I
0025)
0F—+
L
-0.25 ﬁ b-space (Davies-Webber-Stirling) (x%/d.o.f.=160/20)
_ oo b by Ly g g ey e g by g g g g Ly g Ly
05 10 15 20 25 30 35 40 45 50

p;(GeV)
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CDF Z P; measurement

PRL 84, 845(2000)

Theory is
RESBOS

25 F

0
-

do/dP,
S o

o O

0 O

10

15 20

o0

100
Pr, GeV/c

120

<00
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do(W-ev)/dp [pb/(GeV/c)]

Syst. unc. [%]

10 2
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100

n W
o000

-100

DO W P; measurement
submitted to PRL, hep-ex/0010026

[R3

e DO Preliminary

A cceptance and Resol ution Corrected
50486 W - ev events
Vs=1.8TeV

T T T

L-Y (resum. [ pQCD)

Y s Absol ute Comparison

T
o
/
/
/
/
/
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- O
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< /
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O T
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S
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DO W P; measurement

submitted to PRL, hep-ex/0010026

o D@ measurement
—— b-space (Ladinsky-Yuan)
CTEQ2M g,=0.11 GeV*
9,-0.58 GeV? 0,=-15 Gev?

— py-space (Ellis-Vesli)
MRSRL 4=0.1 GeV* q, =4.0 GeV

—— b-space (Arnold-Kauffman)
MRSB g,=0.15 Ge\V* g,=0.4 GeV*

Py

- b
' + -space(’LatdiFMy‘-Yuanﬁ

++++++++ ' ¢ i t

b -space (Ellis-Vesdl)

bt
S S SO

o | b—goace(ArnoIq-Kauﬁfmén)‘ | | |

0 5 10 15 20 25 30 35 40 45 30

pY [Gev/(

do/dp? [pb/(GeV/g)]

do/dpy [pb/(GeV/d]

100 |
80 |

N

20 |
S T SRR SRR P PR s
030 3B 40 45 50 55 60 65 /0 75 80

60
40

10

\
N\

e D@ measurement
— b-space (Ladinsky-Yuan)

—— py-space (Ellis-Veseli)
— b-space (Arnold-Kauffman)

0 [Gevid

R B R I B e
80 100 120 140 160 180 200

0 [Gevid
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W Decay Distribution

Angular distribution of electron in W rest frame:

e
Pure V-A: do _oc (1+ P(W)cos 9 )? A»f

cos 4 Collins-Soper frame

NLO QCD corrections to production modify this distribution:

V-A QCD

d * %
V-A + QCD: o —oc 1+ PW)a, cos § +a,cos’ 9
d cos 9

Mirkes, NP B387, 3 (1992) - O(a.2).

30 .
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MES W Decay Distribution - o,

a’—a* oc 1+ PW)at, cos § +ax, cos” 9
dcos 3

k

a, vs P-W

. - i no QCD effects
V-At a, = 1 1|

\
02} R
045720 20 60 80 100 120 140 160 180
p (W) in GeV

—_—

Including this effect in W mass Monte Carlo: AM,,, ~ 40 MeV (DO)

31
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<MES Method to measure o,

.

E 905. A
85/
» P,(v) unknown: W rest frame cannot be reconstructed =
G|

* Use correlation between cos6* and M{% to infer cos6* &
on a statistical basis 2%
60;

» Define probability function =
505~

0 0.10.203040506070809 1
1 cos(0O

f(m,,cos 0" )= Ng(mT/cos 0 )h(cos O )

* For each P+ (W) bin, plot background subtracted m (W) and get

n, = ZNmT. f(m;, ,c0s0; )

« Compare to n, templates from MC
» Use log-likelihood to determine best value of o,(P+(W))

32
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i
SHEED

Monte Carlo Closure Test

Large Statistics

0.07}

0.06}

0.05}

0.04{

0.03

dN/d cos® normalized

0.02}
[ truedistribution
0.01 template 1

“0102030405060708094
cCos O

dN/d cos® normalized

Statistics Scaled to Data

0.07}
0.06}
0.05f

0.04}

0.03

0.02

0.01}

truedistribution
template

el |

.

Method works!
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Log-likelihood distributions

o, gets smaller for larger P+
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% v 5’!//
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W Decay Distribution - o,

Submitted to PRD, hep-ex/0009034

~1.4

no OCD effects

V-A: o, =1 1

0.8 |
0.6 |

pQCD preferred 2.3 C effect

35

20 30 40 50 60 70 80 90 100

pY [GeV]
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W Decay Distribution - o,
Submitted to PRD, hep-ex/0009034

% v 5’!//

pr (6eV) 0-10 10-20 |20-35 |35-200
o, measured | 1.09 0.84 0.52 0.13
Stat. Errors [+0.13  [+0.25 [+0.36  [+0.38
oc?,pr'edic‘red 0.98 0.89 0.68 0.24
Mean pW 5.3 13.3 25.7 52.9
Combined +0.08 +0.09 +0.12 +0.12
Syst.

Measurement dominated by statistics

36
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&)

Systematic Errors

pr (GeV) 0-10 10-20 (20-35 |35-200
QCD +0.04 +0.05 +0.09 +0.07
Z —ee +0.01 +0.01 +0.02 +0.04
tthar +0.00 +0.00 +0.00 +0.02
EM scale +0.06 +0.05 +0.03 +0.04
Had Scale +0.03 +0.01 +0.04 +0.04
Had Resol +0.02 +0.02 +0.05 +0.06
Total syst. +0.08 +0.09 +0.12 +0.12

Estimated by generating cos 6" templates with varied parameters.

37
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Significance Calculation

Odds-Ratio Method -

0.06f ©,=0.68(QCD) a,=1(no QCD)

, 2aie®
[Tr(@@con

X
0.03

Hp, (,(no QCD)) *°

0.01;

-0.5 0 0.5 1 1.5 2

X
X
X
X
X
X
X
X
X
X

LogR=0b5->1c
We get 2.3c0
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Connections between W,Z Production, QCD and New Physics

W boson mass + top quark mass: Constrai

3
o

h Higgs mass

M,, (GeVvic?)
3
o

TEVATRON

Current CDF/D@ 5M,, ~ 5-40 MeV
M, = 10 MeV = M /M, = 14%

from P:W model

80.2 06\‘\&\
W
80.1 | €N$?
W production Monte Carlos tuned to Z data Ll et |

|

Migo (GevIc)

NLO QCD

Non-perturbative QCD

Resummation
techniques

4

A

W measured distributions
"confirm” formalism(s)

Z P distributions constrain
non-pert. parameters

39
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Conclusions

* W, Zinclusive cross sections in good agreement with SM.
Stat @ Sys ~ 2%, Luminosity error ~ 47, Theory error: ~ 3%
Maybe use to determine luminosity in Run II,

* W width measurement (direct and indirect) in good agreement with SM.
Indirect measurement error ~ 3%

- W, Z P, distributions measured.
DO measurements over wide range of Py with errors ~ 10 - 207%
Testing NLO QCD + resummation + non-perturbative models,
implications for Higgs P predictions.

* QCD correction to W decay distribution confirmed.
DO measurement of a, vs PtW

Preparing for Run 2: expect to collect 2fb-! during 2001-2003
W/Z + jets will have statistics comparable to Run 1 jet physics

40 o
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